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Introduction
overcome this boundary and make the real-time study of 8 these phenomena through both the structural and elec-9 tronic evolution of their constituents possible at full reso-10 lution [1, 2] .
11
While conventional accelerators are generally restricted 12 to pulse lengths of tens to hundreds of femtoseconds, laser-13 plasma accelerators have recently been able to demon-14 strate the production of electron bunches down to few 15 fs RMS (root-mean-square) bunch duration [3, 4] . Ex- targets [6, 7, 8] or droplets [9, 10] , direct laser accelera-25 tion in vacuum [11, 12] sources, yet to be overcome.
33
2. Injection with a plasma density upramp
34
In this paper, we have thus investigated a different ap-
35
proach for producing attosecond electron bunches, through 36 laser-plasma acceleration with an upramp density transi-37 tion, originally suggested and described in detail by Li et 38 al [14] . As shown in Fig. 1 , a broad, high intensity laser 39 pulse is propagated through a plasma with density profile 40 consisting of an upramp from vacuum of length R followed 41 by a plateau of constant density n 0 .
42
The effect of the ramped shape on the generated non- (1) for a distance |ξ| of one nonlinear plasma wavelength λnp = λp (1 + a 2 0 /2) 1/4 behind the laser pulse with λp = (2πc/e) ǫ 0 me/n defined as the linear plasma wavelength, and e, me as the electron charge and mass, respectively.
trapping, as long as the density gradient is large enough. 
1.

59
The second effect of the density transition is on the 60 width of the plasma wave crests which Bulanov et al [15] 61 derived as
where β m is the maximum electron quiver velocity in the 64 plasma wave. With the phase velocity decreasing towards 65 the limit of β gr on the density ramp, the density peaks 66 of the wave crests hence narrow down quickly to values of 67 tens to hundreds of attoseconds width on the ramp.
68
At the transition of the inhomogeneous region to the 69 plasma plateau the density gradient drops to zero, so that 70 the condition for wave breaking suppression given in Eq.
71
( 1) 
Three-Dimensional Simulations
138
For a more comprehensive understanding of the injec- (Fig. 4(c) ) before defocusing and 165 losing more than 85% of its initial charge (Fig. 4(d) ). At 
